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INTRODUClTON 

In fluidized-bed gasification of high-sulfur coals, such as the KRW and U-GAS 
processes, relatively low melting ash is produced by reaction of iron from pyrite 
with the siliceous components produced from clays and quartz.(l,Z) 
catastrophic growth of ash clinkers and defluidization of the bed, ash in the bed 
must be limited to 40 to 50 weight percent. As a result of this low ash content 
of the bed, the ash must be agglomerated to facilitate its removal from the bed 
without unacceptable loss of char carbon and decrease of gasification 
efficiency. To obtain a detailed understanding of the behavior of mineral matter 
and ash in fluidized-bed gasification, a fundamental research investigation is in 
progress at IGT under a program supported by the U.S. Department of Energy.(2,3) 

To prevent 

In our approach to the problem, we note that pyrite quickly decomposes to 
ferrous sulfide when the coal is introduced into the hot fluidized bed of a 
gasifier; also that sufficient hydrogen sulfide is produced from high sulfur coal 
to stabilize the ferrous sulfide in the back-mixed fluidized bed away from the 
oxygen inlet region; also that in the back-mixed bed the gasification reactions 
with steam and carbon dioxide occur relatively slowly and thus tend to occur 
throughout char particles. Complete removal of the carbon in char particles must 
occur before the oxidized iron can contact the siliceous components in the ash. 
Both this carbon removal and the oxidation of the ferrous sulfide occur only in 
the oxygen inlet region. Elevated temperatures in this region also facilitates 
the reaction of oxidized iron with the siliceous components to form relatively 
low-melting iron aluminosilicates. 
introduced through a central jet, forming an oxygen reaction region resembling a 
burner flame. Thickness, shape, and temperature of this reaction region is known 
only within wide limits. 

In both the KRW and U-GAS processes, oxygen is 

We envision that the initial formation of ash reaction products occurs by 
reaction of the minerals present in single particles of char formed from single 
particles of coal. 
determines their melting point, viscosity and potential for agglomeration. In 
this paper we report the results of the application of some methods of investi- 
gation of ash composition in single particles of coal. 

The oxide composition of the ash of single particles 

Selection of Coals 

As part of the research on the behavior of ash in fluidized-bed gasification, 
several coals were selected for test in a 2-inch reactor. These were five eastern 
U . S . ,  one western (New Mexico) bituminous. and one subbituminous coal. A l l  had 
been washed except the subbituminous coal. Four of the eastern U . S .  coals were 
selected to cover a range of iron oxide content of the ash from about 10 to 30 
weight percent Pe203 along with a calcium oxide content of 2.5 weight percent or 
less; the other, an Illinois No. 6 seam coal, was selected to show the effect of 
high calcium oxide content with low iron oxide. 
minerals and ash of the coals, including iron distribution by Mossbauer 
spectroscopy and mineralogy by computer-assisted scanning electron microscopy 
(SEMI, are presented in Table 1. 

Analytical data pertaining to 
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Table 1. W I S E S  O? I U H E W S  AUD ASU OF COALS USED IN USIPICAIION TESTS 

KY NO. 9 
Providence 

54.5 

17.8 

19.9 

0.80 

0.07 

2.29 

0.67 

0.54 

2.20 

2.10 
100.9 

OU sirf No. 8 
Franklin 125 

41.b 

20.9 

31.7 

1.02 

0.07 

1.14 

0.3b 
0.35 

0.98 

1.00 
99.2 
- 

KY No. 13 
k a  HO. 13 

58.5 

26.9 

8. L 
0.87 

0.Lb 

0.90 

1.21 

0.24 

2.94 

0.80 
76m 

IL No. b 
burn. SL.r 4 

54. I 

1b.9 

10.7 

0.70 

0.13 

8.34 

0.95 

0.75 

1.96 

7.00 
7-K-T 

IN m 
lhirer..1 

51. I 

21.9 

15.7 

0.85 

0.12 

2 . 4 ~  

1.18 

2.81 

0.65 

-+ 
Ash Canrent (a. ashed for an.ly.1. 7.9 7.7 8.2 13.4 13.5 
Of .ah, d r y  banla) 

I r o n  D i s t r i b u t i o n  (by Wmsbauer Spcerrocopy)' 

95. a 7 1 . 4  91. b 80.5 
6.9 

4.b t r t  
17.4 3.8 12.7 

- _ _  -_ 11.2 - 92. I -_ __ _- __ - 4.2 __ 7.9 _ _  

20 I 1  I7 20 23 
5 10 7 3 3 
7 11 20 7 18 

1 <I <I 
<I 1 I 2 I 

25 22 20 28 23 

__ __ 

3 3  36 
3 2 

I7 
2 

23 
<I 1 

in 

Iork 
TO* C.n,on 

4b. 4 

24.3 

9.0 

1.02 

2.11 

8.15 

2. IS 
0.90 

0.44 

46 
8.0 

9.7 
70.6 
15.5 

4.2 
__ 
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Dis t r ibu t ion  of Ash Composition Among P a r t i c l e s  

Moza and Austin have described the  ana lys i s  of i nd iv idua l  pu lver ized  coa l  
p a r t i c l e s  by computer-assisted SEM.(4) The ob jec t ive  of t h i s  work was the  
eva lua t ion  of coa ls  f o r  s l a g  depos i t ion  i n  e l e c t r i c  u t i l i t y  b o i l e r s  f i r e d  w i t h  
pulverized coa l .  Sieve f r a c t i o n s  of p a r t i c l e s  from 10 t o  106 ym i n  diameter were 
mounted sepa ra t e ly ,  s ec t ioned  and pol i shed;  those p a r t i c l e  c ross -sec t ions  f a l l i n g  
wi th in  the  s i z e  range of t he  s ieve  f r a c t i o n  were se l ec t ed  f o r  x-ray emission 
ana lys i s ;  about 280 p a r t i c l e s  of t he  coa r ses t  f r a c t i o n  and 800 t o  900 of t h e  
f i n e s t  were analyzed. 

Moza and Aus t in ' s  method seems admirable f o r  pulverized f u e l ,  but of doub t fu l  
a p p l i c a b i l i t y  t o  t h e  1/4-inch top s i z e  feed t o  fluidized-bed g a s i f i e r s .  
d i f f i c u l t y  is t h a t  s ec t ions  o r i en ted  p a r a l l e l  t o  t he  coa l  bedding a r e  not 
r ep resen ta t ive  of the minerals of the  whole p a r t i c l e .  

One 

For t h i s  i n v e s t i g a t i o n ,  we adopted a chemical method i n  which the ash 
compositions of 32 s i n g l e . p a r t i c l e s  were determined. P a r t i c l e s  from t h e  -10+12 
mesh f r a c t i o n  of the  l / 4  inch  top s i z e  coa l  were taken f o r  a n a l y s i s ;  t h i s  s i z e  
fu rn i shes  enough a s h  f o r  the  chemical a n a l y s i s  and is about t h e  average s i z e ,  by 
weight,  of t h e  coal feed  t o  a p i l o t  p l an t  or commercial f luidized-bed g a s i f i e r .  
P a r t i c l e  weight,  ash con ten t ,  and i r o n  oxide and calcium oxide i n  the  ash were 
determined. I n  add i t ion  t o  determined conten ts  of i r o n  and calcium oxide i n  the  
ash ,  t he  content of b a s i c  cons t i t uen t s  was es t imated  by adding the average amount 
of o the r  bas i c  oxides (Mgo, K20 and N a l O ) ,  a s  determined by a conventional major 
and minor oxides a n a l y s i s ,  t o  the determined i ron  and calcium oxides.  A 
co r rec t ion  f o r  s u l f u r  t r i o x i d e  i n  t he  p a r t i c l e  ash  was made, based on the  average 
r a t i o  of SO3 t o  C a O  i n  the  conventional ana lys i s  of the  ash of the e a s t e r n  U.S. 
coa l s  t h a t  w e  i nves t iga t ed .  This method of co r rec t ion  was not s a t i s f a c t o r y  when 
the  content of calcium oxide i n  the  s i n g l e  p a r t i c l e  ash  was higher than about 20%. 

Analysis of the s i n g l e  p a r t i c l e s  a r e  repor ted  i n  d e t a i l  elsewhere. ( 3 )  
Averages f o r  the f i r s t  16,  t he  second 16, t he  odd-numbered p a r t i c l e s ,  the  even- 
numbered p a r t i c l e s ,  and f o r  a l l  p a r t i c l e s  a r e  a l s o  l i s t e d ;  t he  subse ts  were> 
ca l cu la t ed  t o  obta in  a measure of t he  e f f e c t  of number of analyzed p a r t i c l e s .  
e a s t e r n  bituminous coa l s ,  t he  most important d i s t r i b u t i o n  is t h a t  of t he  i r o n  
oxide content of the  ash. For t h e  Kentucky No. 9 coa l ,  the  average i r o n  oxide 
conten ts  of t h e  fou r  groups of 16 p a r t i c l e s  ranges from 21.72 t o  26.35 weight 
percent ,  and the average f o r  a l l  p a r t i c l e s  is 22.21 weight percent compared t o  
19.9 weight percent  ob ta ined  by the  conventional a n a l y s i s  f o r  major and minor 
oxides.  We conclude from t h i s  and s i m i l a r  da t a  on the  o ther  coa l s  t h a t  a n a l y s i s  
of 32 p a r t i c l e s  is necessary and may be s u f f i c i e n t  f o r  cha rac t e r i z ing  the  
d i s t r i b u t i o n .  

For 

A comparison of t he  averages of t he  p a r t i c l e s  wi th  the  values of t he  con- 
vent iona l  major and minor oxides  i s  presented i n  Table 2. 
oxide i n  the  ash of t he  32 p a r t i c l e s  of Kentucky No. 9 coal  agrees well  w i t h  the  
conventional ana lys i s .  less than  ha l f  a s  much calcium oxide was present  i n  the  
-10+12 mesh p a r t i c l e s  as  i n  the  conventional ana lys i s .  We th ink  t h a t  the  missing 
calcium oxide occurs as  c a l c i t e  i n  the  c l e a t  of t he  coa l ,  along which f r a c t u r e  
occurs  i n  c rush ing  and s i ev ing ,  r e s u l t i n g  i n  i t s  concent ra t ion  i n  t h e  f i n e r  s i e v e  
f r ac t ions .  Presence of p l a t e s  of c a l c i t e ,  about 10 ym t h i c k ,  i n  t h e  c l e a t  
f r a c t u r e s  of the Kentucky No. 9 coal is shown i n  a photomicrograph (F igure  1)  of a 
po l i shed  sec t ion  of coa l  etched by low temperature oxida t ion  t o  expose t h e  
minerals.  I n  the  photomicrograph, only the  Crack normal t o  the  bedding is a c l e a t  
f r a c t u r e ;  t h e  curved cracks a r e  a r t i f a c t s  produced i n  the  prepara t ion  and e tch ing .  

While the  average i r o n  

S imi la r  loss of calcium oxide from the  -10+12 mesh p a r t i c l e s  is  a l s o  ev ident  
with the  Indiana  V I  coa l  (Table 2).  while 90% of the  average 8.34  weight percent  
of calcium oxide i n  t he  ash  of the I l l i n o i s  No. 6 coa l  has been l o s t .  No loss. OK 
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o n l y  a marginal one, is evident  from the  P i t t s b u r g h  No. 8 or Kentucky No. 13 
coa ls .  Nei ther  d id  i t  occur  with t h e  subbituminous B Rosebud coa l  i n  which t h e  
calcium occurs  d ispersed  i n  the  organic  matter, p a r t l y  as carboxylate  and 
(probably)  p a r t l y  as c a l c i t e  from decomposition of calcium carboxylates .  However, 
about  9OX of the  average amount of i r o n  oxide is absent  from t h e  -10+12 mesh 
p a r t i c l e s  of t h i s  coal .  This  is i n  accord with observa t ions  on c o a l  from t h i s  
seam by o ther  i n v e s t i g a t o r s ;  Kuhn et a l .  examined p y r i t e  g r a i n s  i n  coal  ground t o  
pass  a 20-mesh s i e v e  and found t h a t T e r e  unat tached t o  coal.(5) The mean 
diameter  of the  p y r i t e  g r a i n s  was 80 urn. Chadwick e t  a l .  repor ted  t h a t  " p y r i t e  i n  
t h e  coal  occurs p r i n c i p a l l y  as s h e e t s  or f i l m  on v e r t i c a l  f r a c t u r e ,  o r  c leat ,  
s u r f a c e s  ."( 6)  

The d i s t r i b u t i o n s  i n  t h e  Kentucky No. 9 p a r t i c l e s  are shown i n  Figure 2. To 
prepare a p l o t ,  t h e  p a r t i c l e  ana lyses  were arranged i n  the  order  of i n c r e a s i n g  
amount of t h e  component, such as i r o n  oxide and the  cumulative amount of ash  f o r  
t h a t  o rder  was ca lcu la ted .  Note t h a t  a d i f f e r e n t  order  of the  p a r t i c l e s  is 
obtained f o r  each component i n  the ash  of a coal .  The p l o t s  f o r  i r o n  oxide and 
b a s i c  c o n s t i t u e n t s  i n d i c a t e  the  presence of two d i f f e r e n t  populat ions.  one wi th  
i r o n  oxide content  up t o  about 30 weight percent  and the  o ther  from 20 t o  100 
weight percent. It appears  l i k e l y  t h a t  t h e  f i r s t  is from a t t r i t a l  coa l  and 
mixtures  of a t t r i t a l  coa l  and v i t r a i n ,  and t h e  second mainly from v i t r a i n  only.  
V i t r a i n  is recognized a s  sh iny  black l a y e r s  or l enses  i n  the  coa l  t h i c k e r  t h a n  0.5 
mm, and is a t t r i b u t e d  t o  the  c o a l i f i c a t i o n  of r e l a t i v e l y  l a r g e  fragments of wood 
and bark. Thus it is almost  e n t i r e l y  f r e e  of p a r t i c l e s  of minerals  except those ,  
such as p y r i t e ,  t h a t  a r e  deposi ted from i n f i l t r a t i n g  s o l u t i o n s  or a r e  present  i n  
the  woody p lan t .  A l t e r n a t i v e l y ,  it is p o s s i b l e  t h a t  the  i ron-r ich p a r t i c l e s  
conta in  p y r i t e  of a bedding layer  ad jacent  t o  v i t r a i n ;  however, t h i s  appears  
un l ike ly ,  as the ash i n  t h e s e  p a r t i c l e s  ranges only from 2.3 t o  10.0 weight 
percent .  

The d i s t r i b u t i o n s  i n  l a r g e r  and smaller p a r t i c l e s  than the  -10+20 mesh a l s o  
should be considered.  I n  genera l ,  t h e  d i s t r i b u t i o n  is expected t o  become wider  
( g r e a t e r  devia t ion  from t h e  average)  a s  p a r t i c l e  s i z e  decreases;  and, f o r  example, 
t h e  number of p a r t i c l e s  with a s i n g l e  l a y e r ,  whether a t t r i t a l  coa l  or v i t r a i n ,  
increases .  The oppos i te  may be t r u e  of l a r g e r  p a r t i c l e s ,  but  not i f  the s i z e  of 
p a r t i c l e s  is less than t h a t  of the predominant width of layers .  Ashes of 
ind iv idua l  -4+5 mesh p a r t i c l e s  of t h e  Kentucky No. 9 c o a l  a r e  shown i n  t h e  
photograph of Figure 3. Large d i f f e r e n c e s  i n  the  i r o n  content  of the  ash  is 
ind ica ted  by the  white  o r  gray appearance of some. which have l i t t l e  o r  no i r o n ,  
i n  c o n t r a s t  t o  o t h e r s  t h a t  a r e  very dark because of t h e  presence of hemat i te  from 
p y r i t e .  This sugges ts  t h a t  the  d i s t r i b u t i o n  of i r o n  i n  -4+5 mesh p a r t i c l e s  does 
not  d i f f e r  much from t h a t  of the  -10+12 mesh p a r t i c l e s .  

D i s t r i b u t i o n s  i n  t h e  p a r t i c l e s  of t h e  P i t t s b u r g h  No. 8, Kentucky NO. 13, and 
Rosebud c o a l  (except f o r  bas ic  c o n s t i t u e n t s )  a r e  shown i n  F igures  4 ,  5, and 6. 
D i s t r i b u t i o n s  i n  the  p a r t i c l e s  of t h e  I l l i n o i s  No. 6 and Indiana V I  c o a l s  were 
s i m i l a r  t o  those of t h e  Kentucky No. 13. 

When a knowledge of j e t  temperatures  and a c o r r e l a t i o n  between composi t ion,  
temperature ,  and agglomerating tendency becomes a v a i l a b l e  i n  the  f u t u r e ,  t h e  
d i s t r i b u t i o n s  w i l l  i n d i c a t e  how much of t h e  ash ,  a f t e r  burnoff of t h e  char ,  is 
immediately a v a i l a b l e  f o r  agglomeration - t h a t  is, without need f o r  combination 
wi th  the  ash of a d i f f e r e n t  p a r t i c l e .  A t  p resent ,  i t  is est imated t h a t ,  i n  t h e  
absence Of more than about 2 weight percent  of calcium oxide,  ash  wi th  i r o n  oxide 
conten ts  from about 20 t o  80 weight percent  may f a l l  i n  t h i s  category.  This  upper 
l i m i t  is expected t o  decrease  with decreas ing  s i l ica- to-alumina r a t i o  and 
increas ing  magnesia conten t ,  according t o  phase diagram considerat ions.(Z)  

A summary of the  d i s t r i b u t i o n  of i r o n  oxide i n  t h e  ash of t h e  -10+12 mesh 
p a r t i c l e s  is presented i n  Table 3 f o r  the  e a s t e r n  bituminous coa ls ,  toge ther  wi th  
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t h e  average i r o n  oxide  content.  
t h a t  used h e r e ,  agglomerated without d i f f i c u l t y  i n  U-GAS p i l o t  p lan t  t e s t s  with 
bed temperatures a t  about 1870'F. 
h igher . )  The p a r t i c l e  ana lyses  of t h i s  c o a l  show 59% of t h e  ash t o  have 0 t o  20 
weight percent  Fe203 and 38% t o  have 20 t o  80 weight percent  Fe 0 . 
a s h  of t h e  P i t t s b u r g h  No. 8 coal has an average Fe203 content  o t  31.7 weight 
percent ,  much h i g h e r  than t h a t  of the  ash of the  Kentucky No. 9, i t s  f r a c t i o n  of 
a s h  in  t h e  20 t o  80 weight percent Fe203 range is much lower,  only 10%. 
suggests t h a t  t h e  a s h  of t h e  P i t t sburgh  c o a l  should agglomerate more slowly, but 
i t s  rea l  s i g n i f i c a n c e  has not been determined a s  y e t .  The same is t r u e  of t h e  
Indiana V I  c o a l ,  whose t o t a l  ash has s u f f i c i e n t  i r o n ,  15.7 weight percent Fe203, 
f o r  agglomeration a l though very l i t t l e  f a l l s  i n  t h e  20% t o  80% range. 
Kentucky No. 13 and I l l i n o i s  No. 6 coa ls  probably have i n s u f f i c i e n t  i r o n  f o r  
agglomeration of t h e i r  a s h ,  but i n  t h i s  c a s e  the  a s h  conten t  of t h e  bed i n  a 
g a s i f i e r  can be allowed t o  r i s e  t o  such a n  ex ten t  t h a t  very l i t t l e  carbon is 
ungasif  i ed .  

Ash of Kentucky No. 9 c o a l ,  from the  same mine as 

(Temperatures i n  t h e  j e t  a r e  s u b s t a n t i a l l y  

Although t h e  

This  

The 

Table  3. SUMMARY OF DISTRIBUTION OF Fe O3 I N  -10+12 MESH PARTICLES 
OF EASTERN BITUMINO~S COALS 

Avg. Fe 0 0-20% Fe203 2 0 4 0 %  Fe203 80-100% Fe203 
Coal content: ?t x ~ % of ash  

Kentucky No. 9 19.9 59 
P i t t s b u r g h  No. 8 31.7 61 
Kentucky No. 13 8.1 95 
I l l i n o i s  No. 6 10.7 93  
Indiana V I  15.7 96 

38 
10 
5 
5 
4 

3 
29 
0 
2 
0 

CONCWSIONS 

The d i s t r i b u t i o n  of a s h  compositions i n  s i n g l e  p a r t i c l e s  of c o a l  fed t o  
f l u i d i z e d  bed g a s i f i e r s  governs the  amount and p a r t i c l e  s i z e  of low-melting ash  
immediately a v a i l a b l e  a s  agglomerating medium a f t e r  burnoff of char from t h e  
p a r t i c l e s .  We have i n v e s t i g a t e d  the  d i s t r i b u t i o n  i n  the  1/4-inch top s i z e  c o a l  
from s e v e r a l  sources  by chemical a n a l y s i s ,  f o r  ash  conten t  and calcium and i r o n  
oxides conten t  of t h e  ash ,  of 32 p a r t i c l e s  of the  -10+12 mesh f r a c t i o n s  of t h e  
coa ls .  The d i s t r i b u t i o n s ,  though probably not very a c c u r a t e ,  show s u b s t a n t i a l  
d i f f e r e n c e s  among t h e  c o a l s  t h a t  were i n v e s t i g a t e d .  For example, much of t h e  
calcium oxide of t h e  c o a l ,  as shown by t h e  convent iona l  a n a l y s i s  f o r  major and 
minor oxides ,  was missing from a Kentucky No. 9 seam coal  and from an I l l i n o i s  No. 
6 seam c o a l ;  t h e  l o s s  was a t t r i b u t e d  t o  t h e  presence of c a l c i t e  i n  the  c l e a t  of 
t h e  coa ls ,  r e s u l t i n g  i n  i t s  a t t r i t i o n  from the  p a r t i c l e s  i n  crushing and o t h e r  
handling. P y r i t e  i n  the  c l e a t  was s i m i l a r l y  l o s t  from p a r t i c l e s  of some of t h e  
c o a l s .  Other d i f f e r e n c e s  i n  d i s t r i b u t i o n  were a l s o  e v i d e n t ;  t h e  Kentucky No. 9 
c o a l  had a s u b s t a n t i a l  amount of ash with f e r r i c  oxide content between 20 and 80 
weight percent  whereas a P i t t s b u r g h  No. 8 coal  from Ohio had l i t t l e  of t h i s ,  
al though i ts  average  i r o n  oxide content w a s  much h igher .  

Etching by oxygen plasma of l-1/2-inch p ieces  of the  Kentucky No. 9 c o a l ,  
sec t ioned  normal t o  t h e  bedding and l i g h t l y  pol i shed ,  furn ished  a s t r i k i n g  d i s p l a y  
of the prevalence of  minerals i n  the  a t t r i t a l  l a y e r s  of c o a l  and i t s  v i r t u a l  
absence i n  v i t r a i n ,  except t h a t  the presence of t h i n  p l a t e s  of c a l c i t e  i n  the  
c l e a t  of t h e  v i t r a i n  vas c l e a r l y  evident.  
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APPEWDIX 

Method of Analysis  of  S ingle  P a r t i c l e s  

Thirty-two c o a l  p a r t i c l e s  were randomly s e l e c t e d ,  and i n d i v i d u a l l y  ashed 
The boats  were s p e c i a l l y  overnight  (16 t o  20 hours)  in small Pt-5% Au boats .  

f a b r i c a t e d  f o r  t h i s  experiment by c u t t i n g  a 0.006-inch t h i c k  Pt-5% Au c r u c i b l e  
i n t o  10 X 10 mm squares  and fo ld ing  up a l l  s i d e s  t o  form boxes in t h e  shape of 
cubes. A Cahn automatic  e l e c t r o b a l a n c e  Model 25 was employed t o  obta in  the  
p a r t i c l e  and ash  weights .  
10 m l  volumetr ic  f l a s k  t o  which 5 m l  of 6N HC1 was then  added. The f l a s k s  were 
heated on a hot  p l a t e  t o  the  b o i l i n g  point  u n t i l  the  reddish  co lor  of t h e  oxid ized  
i r o n  from t h e  ashed p a r t i c l e  s o l i d s  had disappeared.  Cesium chlor ide  and 
lanthanum c h l o r i d e  s o l u t i o n s  were added t o  t h e  volumetr ic  f l a s k  t o  o b t a i n  a f i n a l  
concent ra t ion  of 1000 mgll and 2500 mgll ,  r e s p e c t i v e l y ,  as t h e  metal. The 
volumetr ic  f l a s k  was then d i l u t e d  t o  volume us ing  double-d is t i l l ed  water. 
volume of t h e  Pt-Au c r u c i b l e  d id  not c o n t r i b u t e  any s i g n i f i c a n t  volume t o  the 
so lu t ion .  The s tandards  were d i l u t e d  from commercially obtained s tock  s o l u t i o n s  
of i r o n  and calcium, and were made t o  conta in  Cs,  L a  and H C 1  matr ices  t h e  same a s  
those of the  samples. Both i r o n  and calcium were determined by atomic absorp t ion  
spectrophotometry u s i n g  a Perkin-Elmer 305B double beam instrument .  

An observat ion was made t h a t  t h e  coal  p a r t i c l e s  were not completely des t royed  

The c r u c i b l e  p lus  a s h  was dropped i n t o  an acid-cleaned 

The 

by the  ashing and a c i d  t reatment .  Subsequent ly ,  the  r e s i d u a l  s o l i d s  of the f i r s t  
coal  analyzed were c o l l e c t e d  and analyzed by X-ray f luoresence  spectrophotometry 
u t i l i z i n g  a P h i l l i p s  3100 X-ray genera tor  and a PW1410 X-ray spectrometer .  
was found to be the major c o n s t i t u e n t .  I ron and calcium were found i n  t r a c e  
q u a n t i t i e s ,  however t h e i r  q u a n t i t i e s  were n e g l i g i b l e  i n  comparison w i t h  those 
determined by HC1 leaching .  

S i l i c a  

LTA Etching 
. . ?  

Pieces  of coal  about 1-112-inch i n  s i z e  were c u t  across  the bedding, and t h e  
r e s u l t i n g  s e c t i o n  w a s  l i g h t l y  pol ished and cemented t o  a 1 X 2-inch g l a s s  s l i d e .  
A p a r a l l e l  cu t  was made t o  o b t a i n  a s e c t i o n  118- t o  114-inch th ick ;  t h e  top 
s u r f a c e  was pol ished by t h i n  s e c t i o n  techniques to  a f i n a l  p o l i s h  wi th  1000 g r i t  
diamond impregnated on a metal disc .  

After  drying i n  a vacuum oven the  s e c t i o n  was exposed f o r  per iods of 15 
minutes t o  a n  hour i n  an oxygen-plasma LTA asher .  

PAPImason-pap 
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Figure 1. PHOTOMICROGRAPH OF LTA ETCHED KENTUCKY NO. 9 COAL 
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Figure 2. DISTRIBUTION OF B A S I C  OXIDES I N  PARTICLES OF KENTUCKY NO. 9 COAL 
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Figure 3. ASH FRCM -4t5 MESH PARTICLES OF KENTUCKY NO. 9 COAL 

Figure 4 .  D I S T R I B U T I O N  OF B A S I C  OXIDES I N  PARTICLES OF PITTSBURGH NO. 8 COAL 
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O X l O E  CONIENI of ASH. ut I 
F i g u r e  5. D I S T R I B U T I O N  OF B A S I C  O X I D E S  I N  PARTICLES OF KENTUCKY NO. 13 COAL 
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F i g u r e  6. 
I N  PARTICLES OF ROSEBUD COAL 
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